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(57) ABSTRACT

A signal generation circuit (5) generates a pilot signal for
communication between a vehicle equipped with a battery
device, and a charging cable. The circuit (5) includes a circuit
(5A) includes an operational amplifier (OP1) for outputting
the pilot signal, a first input unit (501) for supplying a non-
inverted input terminal of the amplifier (OP1) with a first or
second signal, a second input unit (51) for supplying an
inverted input terminal of the amplifier (OP1) with a first or
second voltage, and a control unit (500) for controlling each
output of the first and second input units (501, 51). Each ofthe
first signal and the first voltage is a zero voltage. The circuit
(5A) is configured so that the amplifier (OP1) outputs a zero
voltage if the first signal is supplied to the non-inverted input
terminal and the first voltage is supplied to the inverted input
terminal.
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1
SIGNAL GENERATION CIRCUIT

TECHNICAL FIELD

The invention relates to a signal generation circuit config-
ured to generate a control signal corresponding to a current
capacity to be supplied to a vehicle such as an electric car or
the like.

BACKGROUND ART

Conventionally, there is known a vehicle charging system
configured to supply a battery device installed in a vehicle
with electric power from a power supply in a general house-
hold by connecting a receptacle and a charging port via a
charging cable. For example, the receptacle is installed in a
house and connected to a commercial power supply, and the
charging port is provided in a vehicle such as an electric car or
the like. For example, Japanese Patent Application Publica-
tion Number 2010-22163 (hereinafter referred to as “Docu-
ment 17) discloses such a vehicle charging system.

A vehicle charging system described in Document 1
includes a charging cable, and a charging control device con-
figured to control charging of a battery device, which a
vehicle is equipped with, through the charging cable. The
charging cable includes a power cable for supplying the bat-
tery device with electric power from an external power sup-
ply, and a signal generation circuit configured to generate a
control signal (a pilot signal) corresponding to a current
capacity to be supplied to the vehicle. The charging cable also
includes a control line for transmitting a control signal to the
vehicle, and a power supply control unit configured to per-
form power supply control based on a voltage level of the
control line.

The charging control device includes a charging control
unit and a status detection unit. The charging control unit is
configured to control charging of the battery device based on
a control signal if the charging cable is connected to the
vehicle. The status detection unit is configured to detect mal-
function (a defect) of the charging cable based on a signal
level of the control line.

The vehicle charging system is configured, based on a pilot
signal transmitted through the control line, to determine a
connection status between the external power supply and the
charging cable, and also determine whether or not to allow
electric power from the external power supply to be supplied
to the vehicle. This communication function (a CPLT func-
tion) between the charging cable and the vehicle is in confor-
mity with SAEJ1772:2010 that belongs to SAE (Society of
Automotive Engineers) standard. In this standard, the pilot
signal is set to, for example, a zero voltage (0 V) while the
external power supply is cut off.

In the vehicle charging system, the pilot signal is a zero
voltage when the control line for the pilot signal is discon-
nected, but Document 1 is silent about changing the pilot
signal to a zero voltage when the control line is not discon-
nected.

The conventional signal generation circuit included in the
charging cable just outputs a pilot signal with a specified
constant voltage, or oscillates a pilot signal so as to be a pulse
train of specified voltage and frequency. In order to output a
zero voltage from the conventional signal generation circuit,
an output end of the signal generation circuit therefore needs
to be connected to ground (earth) through a relay which is
provided between the output end of the signal generation
circuit and ground. This configuration has a problem of an
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increase in cost of the signal generation circuit because a
comparatively expensive relay is additionally required.

SUMMARY OF INVENTION

The present invention has been achieved in view of the
above circumstances, and an object thereof is to provide a
signal generation circuit capable of outputting a pilot signal,
which is a zero voltage, without a relay.

The present invention is a signal generation circuit (5)
configured to generate a pilot signal for communication
between a vehicle (200) and a charging cable (1). The vehicle
(200) is equipped with a battery device (201). The signal
generation circuit (§) comprises a circuit (5A), a first input
unit (501), a second input unit (51), and a control unit (500).
The circuit (5A) comprises an operational amplifier (OP1)
configured to output the pilot signal. The first input unit (501)
is configured to supply a non-inverted input terminal of the
operational amplifier (OP1) with either a first signal or a
second signal that is different from the first signal. The second
input unit (51) is configured to supply an inverted input ter-
minal of the operational amplifier (OP1) with either a first
voltage or a second voltage that is different from the first
voltage. The control unit (500) is configured to control each
output of the first input unit (501) and the second input unit
(51). Each of the first signal and the first voltage is a zero
voltage. The circuit (5A) comprising the operational ampli-
fier (OP1) is configured so that the operational amplifier
(OP1) outputs an zero voltage if the first signal is supplied to
the non-inverted input terminal of the operational amplifier
(OP1) and the first voltage is supplied to the inverted input
terminal of the operational amplifier (OP1).

In an embodiment, the signal generation circuit (5) com-
prises a power supply detection circuit (52) configured to
detect whether or not the charging cable (1) is connected to an
external power supply (AC1). The control unit (500) is con-
figured to control each output of the first input unit (501) and
the second input unit (51) so that the pilot signal becomes a
zero voltage during part (t01 to t02) of a first time (T1) from
atime point (t0) when the power supply detection circuit (52)
detects that the charging cable (1) is connected to the external
power supply (AC1).

In an embodiment, the signal generation circuit (5) further
comprises: a first power supply (53) configured to generate
positive and negative voltages for activating the operational
amplifier (OP1); and a second power supply (54) configured
to generate a voltage for activating the control unit (500). The
first time (T1) is set to at least a rise time of the first power
supply (53). A rise time of the second power supply (54) is
shorter than that of the first power supply (53).

In an embodiment, the signal generation circuit (5) further
comprises a power supply detection circuit (52) configured to
detect whether or not the charging cable (1) is connected to an
external power supply (AC1). The control unit (500) is con-
figured to control each output of the first input unit (501) and
the second input unit (51) so that the pilot signal becomes a
zero voltage during a second time (12) from a time point (t6)
when the power supply detection circuit (52) detects power
shutdown of an external power supply (AC1).

In an embodiment, the signal generation circuit (5) further
comprises: a first power supply (53) configured to generate
positive and negative voltages for activating the operational
amplifier (OP1); and a second power supply (54) configured
to generate a voltage for activating the control unit (500). The
second time (T2) is set to at least a fall time of the first power
supply (53). The second power supply (54) is configured to
supply a specified voltage to the control unit (500) and the
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second input unit (51) during at least the second time (T2)
from a time point (t6) when the charging cable (1) is discon-
nected from the external power supply (AC1).

In an embodiment, the circuit (SA) comprising the opera-
tional amplifier (OP1) further comprises: a resistor (R4) con-
nected between the first input unit (501) and the non-inverted
input terminal of the operational amplifier (OP1); and a resis-
tor (R5) connected between the non-inverted input terminal
and an output terminal of the operational amplifier (OP1).

In an embodiment, the second input unit (51) comprises: a
voltage divider comprising first and second resistors (R6 and
R7) connected in series with each other; and a switching
device (Q1) configured to be turned on and off in accordance
with a switching signal from the control unit (500). A junction
of the first and second resistors (R6 and R7) is connected to
the inverted input terminal of the operational amplifier (OP1).
A first end of the second resistor (R7) is connected to the first
resistor (R6), while a second end of the second resistor (R7)
is connected to ground. The switching device (Q1) is con-
nected in parallel with the second resistor (R7).

In the invention, the circuit (SA) comprising the opera-
tional amplifier (OP1) corresponds to a comparator, and can
output a pilot signal which is a zero voltage, when a zero
voltage is supplied to each input terminal of the operational
amplifier. That is, the invention can output a pilot signal,
which is a zero voltage, without a relay like the conventional
signal generation circuit.

BRIEF DESCRIPTION OF DRAWINGS

Preferred embodiments of the invention will now be
described in further details. Other features and advantages of
the present invention will become better understood with
regard to the following detailed description and accompany-
ing drawings where:

FIGS. 1A and 1B show a signal generation circuit in accor-
dance with an embodiment of the present invention, FIG. 1A
is a schematic diagram of the signal generation circuit, and
FIG. 1B is a schematic diagram of a reference voltage circuit
in the signal generation circuit;

FIG. 2 is a block diagram of the signal generation circuit;

FIG. 3 is a wave form chart showing an operation of the
signal generation circuit;

FIG. 4 is a schematic diagram of a vehicle charging system
including the signal generation circuit;

FIG. 5 is a wave form chart showing an operation of the
vehicle charging system;

FIG. 6 is a correlation diagram between a charging current
and a duty ratio of a pilot signal in the vehicle charging
system; and

FIGS. 7A and 7B show a comparative example of a signal
generation circuit, FIG. 7A is a schematic diagram of the
signal generation circuit, and

FIG. 7B shows a relay connected to a control line.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a signal generation circuit 5 in accordance
with an embodiment of the present invention is explained. A
vehicle charging system including the signal generation cir-
cuit 5 is first explained. As shown in FIG. 1, the vehicle
charging system is configured to charge a battery device 201
installed in a vehicle 200 such as an electric car, a plug-in
hybrid electric vehicle or the like.

As shown in FIG. 4, the vehicle charging system of the
embodiment includes a charging cable 1 and an ECU 2. The
“ECU” is an abbreviation of “Electronic Control Unit”. The
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ECU 2 of the embodiment functions as a charging control
device configured to control charging of the battery device
201 installed in the vehicle 200 through the charging cable 1.

The charging cable 1 is configured to connect the battery
device 201 of the vehicle 200 to an external power supply
AC1 (e.g., a system power supply). In the example of FIG. 4,
the charging cable 1 includes a power cable 10, a connector
11, a plug 12 and a CCID 13. The “CCID” is an abbreviation
of““Charging Circuit Interrupt Device”. The power cable 10 is
used for balanced line between the vehicle 200 and the exter-
nal power supply AC1. In the example of FIG. 4, the power
cable 10 includes a hot line 10A and a cold line 10B.

The connector 11 is configured to be connected to a charg-
ing inlet 3 provided in the vehicle 200. In the example of FIG.
4, the connector 11 is provided with a limit switch 110 that
intervenes between ground and the ECU 2 (a microcomputer
20). The limit switch 110 is configured to be activated if the
connector 11 is connected to the charging inlet 3, and to
supply a cable connection signal to the ECU 2. The cable
connection signal represents that the connector 11 is con-
nected to the charging inlet 3.

As shown in FIG. 4, the plug 12 is configured to be con-
nected to a power receptacle 4 provided in, for example, a
house. By connecting the plug 12 to the power receptacle 4,
AC (alternating current) power from the external power sup-
ply AC1 is supplied to the charging cable 1.

As shown in FIG. 4, the CCID 13 includes a relay 130, a
control pilot circuit 131, an electromagnetic coil 132 and a
leakage detector 133. The relay 130 is provided in the power
cable 10. The control pilot circuit 131 is configured to turn the
relay 130 on and off. When the relay 130 is turned off, an
electric circuit for supplying the vehicle 200 with electric
power from the external power supply AC1 is shut off. When
the relay 130 is turned on, electric power from the external
power supply AC1 is allowed to be supplied to the vehicle
200.

As shown in FIG. 4, the control pilot circuit 131 includes
the signal generation circuit 5, a resistor R1 and a voltage
sensor 6. As shown in FIG. 2, the signal generation circuit 5
includes a controller (a microcomputer) 50 and a power sup-
ply detection circuit 52. The microcomputer 50 is formed of
a CPU (not shown), a ROM (not shown) storing a control
program to be executed by the CPU, a RAM to be employed
as a working area, and the like. The power supply detection
circuit 52 is configured to detect an output voltage of the
external power supply AC1 through the plug 12 to detect
whether or not the charging cable 1 is connected to the exter-
nal power supply AC1 based on the output voltage.

The signal generation circuit 5 is configured, in accordance
with control of the microcomputer 50, to generate a pilot
signal (a CPLT (Control Pilot Circuit) signal) that is a pulse
train of specified voltage and frequency, and to output the
pilot signal. In the present embodiment, the specified voltage
is +/-12 'V, and the specified frequency is 1 kHz. The pilot
signal is used for communication between the vehicle 200
equipped with the battery device 201, and the charging cable
1. The signal generation circuit 5 is also configured to gener-
ate and output a pilot signal of a specified constant voltage in
accordance with control of the microcomputer 50, where the
specified constant voltage is a first output voltage. The first
output voltageis 12V in the embodiment. The ECU 2 receives
apilot signal through the resistor R1 and a control line L1 and
can thereby confirm a connection status between the vehicle
200 and the external power supply AC1, and detect a charging
current to be supplied to the vehicle 200. The signal genera-



US 9,260,021 B2

5

tion circuit 5 will be detailed later. The voltage sensor 6 is
connected to the control line .1 and configured to detect a
voltage of a pilot signal.

The electromagnetic coil 132 is configured to generate
electromagnetic force if the control pilot circuit 131 supplies
an electric current to the electromagnetic coil 132, and to turn
the relay 130 on by the electromagnetic force. The electro-
magnetic coil 132 is configured to stop generating the elec-
tromagnetic force if the control pilot circuit 131 stops sup-
plying the electric current to the electromagnetic coil 132, and
to turn the relay 130 off.

As shown in FIG. 4, the leakage detector 133 is provided in
the power cable 10 and configured to detect whether or not
electric leakage occurs. Specifically, the leakage detector 133
is configured to detect a balanced status of electric currents
flowing through the hot and cold lines 10A and 10B in oppo-
site directions, and to detect an occurrence of electric leakage
if detecting an unbalanced status of the electric currents. The
control pilot circuit 131 is configured to stop supplying power
(an electric current) to the electromagnetic coil 132 if the
leakage detector 133 detects the occurrence of electric leak-
age, and to turn the relay 130 off. As a result, it is possible to
shut off the electric circuit for supplying the vehicle 200 with
electric power from the external power supply AC1.

As shownin FIG. 4, the ECU 2 includes the microcomputer
20 and a switch circuit 21. The microcomputer 20 is formed of
a CPU, a ROM, a RAM and the like in the same way as the
microcomputer 50. The microcomputer 20 is configured to
execute charging control processing for charging the battery
device 201 based on a pilot signal transmitted through the
control line L1. The microcomputer 20 is also configured to
execute switch processing for stepwise changing a voltage of
a pilot signal by controlling the switch circuit 21.

As shown in FIG. 4, the switch circuit 21 includes a capaci-
tor C1, a diode D1, pull-down resistors R2 and R3, a first
switch SW1 and a second switch SW2. The capacitor C1 is
connected in parallel with a series circuit of the resistor R1
and the signal generation circuit 5 through the control line [.1
with the connector 11 connected to the charging inlet 3. The
microcomputer 20 is configured to monitor electric potential
on a junction JC1 between two series circuits connected in
parallel with each other. One ofthe series circuits is formed of
the first switch SW1 and the pull-down resistor R2, while the
other is formed of the second switch SW2 and the pull-down
resistor R3. The junction JC1 is connected to the control line
L1 through the diode D1. In short, the microcomputer 20 is
configured to monitor a voltage of a pilot signal by monitor-
ing the electric potential on the junction JC1.

The switch circuit 21 is configured to change a voltage of a
pilot signal by turning the switches SW1 and SW2 on or off in
accordance with a control signal from the microcomputer 20.
That is, the switch circuit 21 is configured, if one of the
switches SW1 and SW2 (e.g., the second switch SW2) is
turned on in accordance with a control signal (a close signal)
from the microcomputer 20, to switch and decrease a voltage
of a pilot signal to a second output voltage though one of the
pull-down resistors R2 and R3 (e.g., the pull-down resistor
R3). The second output voltage is a specified voltage lower
than the first output voltage. In the embodiment, the second
output voltage is 9 V. The switch circuit 21 is also configured,
if the switches SW1 and SW2 are turned on in accordance
with a control signal (two close signals) from the microcom-
puter 20, to switch and decrease a voltage of a pilot signal to
a third output voltage through the pull-down resistors R2 and
R3. The third output voltage is a specified voltage lower than
the second output voltage. In the embodiment, the third out-
put voltage is 6 V.
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Hereinafter, the CPLT function (a communication function
with a vehicle) in the vehicle charging system of the embodi-
ment is explained with reference to FIG. 5. The CPLT func-
tion is in conformity with SAEJ1772:2010 that belongs to
SAE (Society of Automotive Engineers) standard.

Attime t0, the plug 12 is connected to the power receptacle
4, and the power supply detection circuit 52 then detects a
connection between the charging cable 1 and the external
power supply AC1. The power supply detection circuit 52
then supplies the microcomputer 50 with a signal (a power
connection signal) representing that the charging cable 1 is
connected to the external power supply AC1. The microcom-
puter 50 allows the signal generation circuit 5 to output a pilot
signal that is the first output voltage (12 V) if receiving the
power connection signal. Hereinafter, a status that a voltage
of'the pilot signal is the first output voltage (12 V) is referred
to as “status 1 (a first status)”. In status 1, the charging cable
1 is disconnected from the vehicle 1.

At time t1, the connector 11 is connected to the charging
inlet 3 of the vehicle 200, and the limit switch 110 is then
activated (turned on) to supply a cable connection signal to
the microcomputer 20 of the ECU 2. The microcomputer 20
receives the cable connection signal and then supplies a con-
trol signal (a close signal) to the second switch SW2 to turn
the second switch SW2 on. As a result, the voltage of the pilot
signal decreases from the first output voltage to the second
output voltage (9 V). Hereinafter, a status that the voltage of
the pilot signal is the second output voltage (9 V) is referred
to as “status 2 (a second status)”. In status 2, the charging
cable 1 is connected to the vehicle 200, but preparation for
charging the battery device 201 is not ready yet.

At time 12, the voltage sensor 6 detects that the voltage of
the pilot signal is the second output voltage (9 V), and the
microcomputer 50 then allows the signal generation circuit 5
to output a pilot signal that is a pulse train of the specified
frequency (an oscillation frequency of 1 kHz). The micro-
computer 50 has a PWM function and is configured to change
a duty ratio of the pilot signal through the PWM function. The
duty ratio of the pilot signal indicates an upper limit of a
charging current. In an example of FIG. 6, the duty ratio ofthe
pilot signal is 20% when the upper limit is 12 amperes, and is
10% when the upper limit is 6 amperes.

At time t3, the microcomputer 20 detects the duty ratio of
the pilot signal to obtain an upper limit of a charging current,
and then supplies a control signal (an additional close signal)
to the first switch SW1 to turn the first switch SW1 on. As a
result, the voltage of the pilot signal decreases from the sec-
ond output voltage to the third output voltage (6 V). Herein-
after, a status that the voltage of the pilot signal is the third
output voltage (6 V) is referred to as “status 3 (a third status)”.
In status 3, the charging cable 1 is connected to the vehicle
200, and the preparation for charging the battery device 201 is
ready. In addition, the pilot signal can indicate “status 4 (a
fourth status)” by a fourth output voltage (3 V) of the pilot
signal.

The voltage sensor 6 detects that the voltage of the pilot
signal is the third output voltage (6 V), and the microcom-
puter 50 then performs control for supplying an electric cur-
rent to the electromagnetic coil 132. As a result, the relay 130
is turned on to close the electric circuit for supplying the
battery device 201 ofthe vehicle 200 with electric power from
the external power supply AC1 in order to start charging the
battery device 201.

At time t4, the charging of the battery device 201 is com-
pleted, and the microcomputer 20 then supplies a control
signal (an open signal) to the first switch SW1 to turn the first
switch SW1 off. As a result, the voltage of the pilot signal
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increases from the third output voltage to the second output
voltage (9 V). The voltage sensor 6 detects that the voltage of
the pilot signal is the second output voltage (9 V), and the
microcomputer 50 then stops supplying the electric current to
the electromagnetic coil 132. As a result, the relay 130 is
turned off to shut off the electric circuit for supplying the
battery device 201 of the vehicle 200 with the electric power
from the external power supply AC1.

The microcomputer 20 supplies a control signal (an addi-
tional open signal) to the second switch SW2 to turn the
second switch SW2 off. As a result, the voltage of the pilot
signal increases from the second output voltage to the first
output voltage (12 V). At time t5, the voltage sensor 6 detects
that the voltage of the pilot signal is the first output voltage (12
V), and the microcomputer 50 then stops oscillating the pilot
signal.

The pilot signal is required to be in conformity with SAE
standard. For example, in a pilot signal that is a pulse train,
rise and fall times thereof are required to be in conformity
with SAE standard. Accordingly, in a conventional signal
generation circuit, an operational amplifier having a high
slew rate has been employed in order to generate a pilot signal
that is in conformity with SAE standard. FIGS. 7A and 7B
show a signal generation circuit 100 as a comparative
example in consideration of the conventional signal genera-
tion circuit.

As shown in FIG. 7A, the signal generation circuit 100
includes an operational amplifier OP1, resistors R4 and RS,
an oscillator 100A and a reference voltage source. The refer-
ence voltage source is configured to generate a reference
voltage V1. The signal generation circuit 100 is configured so
that an output V2 of the oscillator 100A is supplied, as an
input voltage, to a non-inverted input terminal of the opera-
tional amplifier OP1 via the resistor R4, while a reference
voltage V1 of the reference voltage source is supplied to an
inverted input terminal of the operational amplifier OP1. The
resistor RS is connected between the non-inverted input ter-
minal and an output terminal of the operational amplifier
OP1. Thus, the signal generation circuit 100 includes the
operational amplifier OP1 and the resistors R4 and RS which
constitute a circuit corresponding to a hysteresis comparator.
The operational amplifier OP1 is activated by a positive volt-
age (e.g., 15V) from a positive power supply (not shown) and
a negative voltage (e.g., —15 V) from a negative power supply
(not shown).

In the comparative example, a reference voltage V1 is
applied to the inverted input terminal of the operational
amplifier OP1. The reference voltage V1 is obtained by con-
verting an AC voltage of an external power supply AC1 into a
DC (direct current) voltage through, for example, an AC-DC
converter to divide the DC voltage through a voltage divider.
An output V2 of the oscillator 100A is applied to the non-
inverted input terminal of the operational amplifier OP1 via
the resistor R4. The non-inverted input terminal of the opera-
tional amplifier OP1 is connected to the output terminal of the
operational amplifier OP1 via the resistor RS. The oscillator
100A is configured to output pulse waves which are brought
high and low alternately and repeatedly.

Hereinafter, an operation of the signal generation circuit
100 is explained. When the output V2 of the oscillator 100A
is brought high, an input voltage of the non-inverted input
terminal of the operational amplifier OP1 exceeds the refer-
ence voltage V1. In this case, the operational amplifier OP1
outputs an output voltage Vout of a high level (12 V). When
the output V2 of the oscillator 100A is brought low, an input
voltage of the non-inverted input terminal of the operational
amplifier OP1 falls below the reference voltage V1. In this
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case, the operational amplifier OP1 outputs an output voltage
Vout of a low level (=12 V). That is, the signal generation
circuit 100 is configured to output a pilot signal of a specified
constant voltage (12V or -12 V), and also output a pilot signal
that is a pulse train of specified voltage and frequency (+1-12
V and 1 kHz).

A status different from the aforementioned statuses 1 to 4is
present in connection conditions between the vehicle 200 and
the charging cable 1. For example, the status different from
statuses 1 to 4 is a status that electric power to be supplied
from the external power supply AC1 is not available, such as
in a case of recovering from a power outage of the external
power supply AC1, conducting a leakage test, or the like. This
status can be indicated to a vehicle by setting a voltage of a
pilot signal to 0 V (a zero voltage). Hereinafter, a status in
which a voltage of a pilot signal is a zero voltage is referred to
as “status 5 (a fifth status)”.

However, the signal generation circuit 100 cannot output a
pilot signal of which voltage is a zero voltage. Accordingly, in
the comparative example, a relay 101 needs to be arranged
between a control line [.1 and ground as shown in FIG. 7B. In
this case, a pilot signal that is a zero voltage can be output by
turning the relay 101 on. However, there is a problem of an
increase in cost because the relay 101 that is a comparatively
expensive electronic part is required.

In order to solve the problem, the signal generation circuit
5 of the embodiment is configured to output a pilot signal of
which voltage is a zero voltage. Hereinafter, the signal gen-
eration circuit 5 of the embodiment is explained with refer-
ence to figures. As shown in FIG. 2, the signal generation
circuit 5 of the embodiment includes a reference voltage
circuit 51, the power supply detection circuit 52, a first power
supply 53 and a second power supply 54. As shown in FIG.
1A, the signal generation circuit 5 includes an operational
amplifier OP1, resistors R4 and RS, a microcomputer 50 and
a reference voltage circuit 51, and the operational amplifier
OP1 and the resistors R4 and R5 constitute a circuit 5A
corresponding to a hysteresis comparator. The circuit 5A is
configured so that the operational amplifier OP1 outputs an
zero voltage if a zero voltage (a first signal) is supplied to the
non-inverted input terminal of the operational amplifier OP1
and a zero voltage (a first voltage) is supplied to the inverted
input terminal of the operational amplifier OP1. The opera-
tional amplifier OP1, and the resistors R4 and RS are the same
as those of the signal generation circuit 100, and are not
described in detail herein.

The power supply detection circuit 52 is configured to
detect whether or not the charging cable 1 is connected to the
external power supply AC1. The first power supply 53 is
configured to receive an output voltage of the external power
supply AC1 to generate positive and negative voltages for
activating the operational amplifier OP1. The second power
supply 54 is configured to receive the output voltage of the
external power supply AC1 to generate a voltage for activat-
ing the microcomputer 50 and the reference voltage circuit
51. The power supply 53 and the power supply 54 are well
known, and are not described in detail herein.

The microcomputer 50 (a first input unit 501) has a PWM
function and is configured, through the PWM function, to
generate pulse waves (a second signal) V2 which are brought
high and low alternately and repeatedly, and to supply the
second signal V2 to a non-inverted input terminal of the
operational amplifier OP1. The microcomputer 50 (the first
input unit 501) is also configured to keep the output V2 in the
first signal (a zero voltage). That is, the microcomputer 50
includes the first input unit 501 configured to supply the
non-inverted input terminal of the operational amplifier OP1
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with either the first signal or the second signal different from
the first signal. The first signal is a zero voltage.

The reference voltage circuit 51 (a second input unit) is
configured to supply the inverted input terminal of the opera-
tional amplifier (OP1) with either the first voltage or a second
voltage that is different from the first voltage. The first voltage
is a zero voltage. In an example of FIG. 1B, the reference
voltage circuit 51 is formed of a series circuit of resistors R6
and R7 (a voltage divider), and a switching device Q1 con-
nected in parallel with the resistor R7. A first end of the
resistor R7 is connected to the resistor R6, while a second end
of the resistor R7 is connected to ground. For example, the
reference voltage circuit 51 is configured to divide an output
voltage of the second power supply 54 through the voltage
divider to supply an inverted input terminal of the operational
amplifier OP1 with the divided voltage as a reference voltage
V1. Thatis, ajunction of the resistors R6 and R7 is connected
to the inverted input terminal of the operational amplifier
OP1. The switching device Q1 is, for example, an n-type
MOSFET and a drain terminal and a source terminal thereof
are connected with a junction of the resistors R6 and R7 and
ground, respectively. The microcomputer 50 is configured to
supply a switching signal (an output control signal) to a gate
terminal of the switching device Q1. That is, the switching
device Q1 is configured to be turned on and off in accordance
with a switching signal from the control unit 500.

That is, the reference voltage circuit 51 is configured to
connect the junction of the resistors R6 and R7 to ground if
the switching device Q1 is turned on according to a switching
signal (an ON signal) of the microcomputer 50, thereby out-
putting a zero voltage (the first voltage). The reference volt-
age circuit 51 is also configured to output a voltage (the
second voltage) obtained by dividing the output voltage of the
second power supply 54 if the switching device Q1 is turned
off according to a switching signal (an OFF signal) of the
microcomputer 50. That is, the reference voltage circuit 51 is
configured to supply the inverted input terminal of the opera-
tional amplifier OP1 with either the first voltage or the second
voltage different from the first voltage, and functions as the
second input unit.

As mentioned above, the microcomputer 50 is configured
to control an output V2 of the first input unit 501, and also to
supply a switching signal to the reference voltage circuit 51 as
the second input unit to control the reference voltage V1. That
is, the microcomputer 50 includes a control unit 500 in addi-
tion to the first input unit 501, and the control unit 500 is
configured to control output voltages of the first input unit 501
and the second input unit.

Anoperation of the signal generation circuit 5 is explained.
When an output V2 of the microcomputer 50 (the first input
unit 501) is brought high, an input voltage of the non-inverted
input terminal of the operational amplifier OP1 exceeds a
reference voltage V1. As a result, the operational amplifier
OP1 outputs an output voltage Vout of a high level (12 V).
When an output V2 of the microcomputer 50 is brought low,
an input voltage of the non-inverted input terminal of the
operational amplifier OP1 falls below a reference voltage V1.
As aresult, the operational amplifier OP1 outputs an output
voltage Vout of a low level (=12 V). That is, the signal gen-
eration circuit 5 is configured to output a pilot signal of a
specified constant voltage (12 V), or a pilot signal that is a
pulse train of specified voltage and frequency (+/-12 V and 1
kHz), in the same way as the signal generation circuit 100.

An output voltage Vout of the operational amplifier OP1 is
given by

Vout=V1-G(V2-V1),
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where V1 is a reference voltage, V2 is an output voltage of the
microcomputer 50, and G represents a value obtained by
dividing a resistance value of the resistor RS by a resistance
value of the resistor R4.

From the equation, it can be seen that the signal generation
circuit 5 can output a zero voltage signal as a pilot signal by
changing each of the reference voltage V1 and the output V2
to a zero voltage. Therefore, the microcomputer 50 (the first
input unit 501) is configured to output the first signal (a zero
voltage) as mentioned above, while the reference voltage
circuit 51 is configured to turn the switching device Q1 on in
accordance with a switching signal (an ON signal) of the
microcomputer 50 to set the reference voltage V1 to a zero
voltage (the first voltage).

The signal generation circuit 5 of the embodiment includes
the operational amplifier OP1, the first input unit 501 of the
microcomputer 50 and the reference voltage circuit (the sec-
ond input unit) 51. The signal generation circuit 5 can output
a zero voltage signal as a pilot signal by changing each input
voltage of input terminals of the operational amplifier OP1 to
a zero voltage. That is, the signal generation circuit 5 of the
embodiment can output a zero voltage pilot signal without
using a comparatively expensive electronic part like the relay
101 of the signal generation circuit 100. Thus, in the embodi-
ment, the comparatively expensive electronic part like the
relay 101 is unnecessary, and manufacturing cost can be
reduced.

Inthe embodiment, the microcomputer 50 includes the first
input unit 501, and the reference voltage circuit 51 formed of
the resistors R6 and R7 and the switching device Q1 corre-
sponds to the second input unit. Therefore, in the embodi-
ment, a zero voltage pilot signal can be realized by inexpen-
sive electronic parts.

As shown in FIG. 3, from time point tO0 when the charging
cable 1 is connected to the external power supply AC1, a
voltage of the first power supply 53 starts rising to reach a
specified constant voltage (e.g., 15 V) at time point t02. A
constant time from time point t0 to time point t02 is called a
rise time. Even just after recovering from the occurrence of a
power outage with the charging cable 1 connected to the
external power supply AC1, it takes a constant time until a
voltage of the first power supply 53 reaches the constant
voltage. Thus, before a voltage of a pilot signal reaches the
specified constant voltage, the control pilot circuit 131 and
the ECU 2 may detect a status in error which causes malfunc-
tion.

For example, just after the charging cable 1 is connected to
the external power supply AC1, the control pilot circuit 131
and the ECU 2 normally detect “status 1”. However, before a
voltage of a pilot signal reaches the specified constant volt-
age, the control pilot circuit 131 and the ECU 2 may detect a
status such as “status 2” or “status 3” in error.

In the embodiment, the microcomputer 50 (the control unit
500) is configured (through the first input unit 501) to keep the
output V2 in a zero voltage (the first signal) during part (t01 to
102) of a constant time (a first time T1) measured from time
point t0 when the power supply detection circuit 52 detects a
connection between the charging cable 1 and the external
power supply AC1 (see V2 of FIG. 3). The microcomputer 50
(the control unit 500) is also configured to supply a switching
signal (an ON signal) to the switching device Q1 to turn the
switching device Q1 on, thereby changing the reference volt-
age V1 of the reference voltage circuit 51 to a zero voltage
(during from time point t01 to time point t02 in the example
of FIG. 3).

In an example, the first time T1 is measured by the power
supply detection circuit 52, and is set to at least the rise time
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of'the first power supply 53. In the example of FIG. 3, the first
time T1 is set to the rise time, and the microcomputer 50 is
configured to start operating at time point t01 between time
point t0 and time point t02 to keep the output V2 in the first
signal during a remaining time (t01 to t02) of the first time T1
measured from time point t01. That is, a rise time of a voltage
(e.g., 5V) of the second power supply 54 is shorter than that
of the voltage (e.g., 15 V) of the first power supply 53. It is
desirable that the first and second power supplies 53 and 54
are configured so that a voltage of the first power supply 53 at
the end (t01) of the rise time of the second power supply 54
becomes lower than a minimum voltage (the fourth output
voltage), which is higher than a zero voltage, of a plurality of
voltages respectively corresponding to a plurality of statuses
(statuses 1 to 5) indicated by the pilot signal.

As shown in FIG. 3, a voltage of the pilot signal becomes
lower than any voltage corresponding to statuses 1 to 4 before
the microcomputer 50 is activated from time point when a
connection between the charging cable 1 and the external
power supply AC is detected (10 to t01). The voltage of the
pilot signal then becomes a zero voltage between time point
101 and time pointt02. As a result, the control pilot circuit 131
and the ECU 2 can detect “status 5”. In “status 57, the control
pilot circuit 131 and the ECU 2 do not perform control for
charging. It is therefore possible to prevent malfunction of the
control pilot circuit 131 and the ECU 2.

As shown in FIG. 3, from time point t6 when the charging
cable 1 is disconnected from the external power supply AC1,
a voltage of the first power supply 53 gradually decreases.
After a power outage occurs while the charging cable 1 is
connected to the external power supply AC, a voltage of the
first power supply 53 gradually decreases as well. In such
power shutdown of the external power supply AC1, a voltage
of the pilot signal fluctuates and the control pilot circuit 131
and the ECU 2 may detect a status in error which causes
malfunction.

In the embodiment, the microcomputer 50 is configured to
keep the output V2 in the first signal (a zero voltage) during a
constant time (a second time T2) from time point t6 when the
power supply detection circuit 52 detects power shutdown of
the external power supply AC1 (see V2 of FIG. 3). The micro-
computer 50 is also configured to supply a switching signal
(an ON signal) to the switching device Q1 to turn the switch-
ing device Q1 on, thereby changing the reference voltage V1
of the reference voltage circuit 51 to the first voltage (a zero
voltage) during the second time T2 from time point t6 (see V1
of FIG. 3).

In an example, the second time T2 is measured by the
microcomputer 50 and set to at least a fall time of the first
power supply 53. In addition, the second power supply 54 is
configured to supply a specified voltage (e.g., 5 V) to the
microcomputer 50 and the reference voltage circuit 51 during
at least the second time T2 from time point when the charging
cable 1 is disconnected from the external power supply AC1.

As shown in FIG. 3, the pilot signal becomes a zero voltage
during the constant time T2 from time point t6 when power
shutdown of the external power supply AC1 is detected. The
control pilot circuit 131 and the ECU 2 can accordingly detect
“status 5”. In “status 57, the control pilot circuit 131 and the
ECU 2 do not perform control for charging. It is therefore
possible to prevent malfunction of the control pilot circuit 131
and the ECU 2.

The invention claimed is:

1. A signal generation circuit, configured to generate a pilot
signal for communication between a vehicle equipped with a
battery device, and a charging cable,
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wherein the signal generation circuit comprises:

a circuit comprising an operational amplifier configured to
output the pilot signal;

a first input unit configured to supply a non-inverted input
terminal of the operational amplifier with either a first
signal or a second signal that is different from the first
signal;

a second input unit configured to supply an inverted input
terminal of the operational amplifier with either a first
voltage or a second voltage that is different from the first
voltage; and

a control unit configured to control each output of the first
input unit and the second input unit, wherein

each of the first signal and the first voltage is a zero voltage,
and

the circuit comprising the operational amplifier is config-
ured so that the operational amplifier outputs a zero
voltage if the first signal is supplied to the non-inverted
input terminal of the operational amplifier and the first
voltage is supplied to the inverted input terminal of the
operational amplifier.

2. The signal generation circuit of claim 1, further com-
prising a power supply detection circuit configured to detect
whether or not the charging cable is connected to an external
power supply,

wherein the control unit is configured to control each out-
put of the first input unit and the second input unit so that
the pilot signal becomes a zero voltage during part of a
first time from a time point when the power supply
detection circuit detects that the charging cable is con-
nected to the external power supply.

3. The signal generation circuit of claim 2, further com-

prising:

a first power supply configured to generate positive and
negative voltages for activating the operational ampli-
fier; and

a second power supply configured to generate a voltage for
activating the control unit, wherein

the first time is set to at least a rise time of the first power
supply, and

a rise time of the second power supply is shorter than that
of the first power supply.

4. The signal generation circuit of claim 1, further com-
prising a power supply detection circuit configured to detect
whether or not the charging cable is connected to an external
power supply,

wherein the control unit is configured to control each out-
put of the first input unit and the second input unit so that
the pilot signal becomes a zero voltage during a second
time from a time point when the power supply detection
circuit detects power shutdown of an external power
supply.

5. The signal generation circuit of claim 4, further com-

prising:

a first power supply configured to generate positive and
negative voltages for activating the operational ampli-
fier; and

a second power supply configured to generate a voltage for
activating the control unit, wherein

the second time is set to at least a fall time of the first power
supply, and

the second power supply is configured to supply a specified
voltage to the control unit and the second input unit
during at least the second time from a time point when
the charging cable is disconnected from the external
power supply.
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6. The signal generation circuit of claim 1, wherein the
circuit comprising the operational amplifier further com-
prises:

a resistor connected between the first input unit and the
non-inverted input terminal of the operational amplifier;
and

a resistor connected between the non-inverted input termi-
nal and an output terminal of the operational amplifier.

7. The signal generation circuit of claim 1, wherein the
second input unit comprises:

avoltage divider comprising first and second resistors con-
nected in series with each other, a junction of the firstand
second resistors being connected to the inverted input
terminal of the operational amplifier; and

a switching device configured to be turned on and off in
accordance with a switching signal from the control unit,
wherein

a first end of the second resistor is connected to the first
resistor, while a second end of the second resistor is
connected to ground, and

the switching device is connected in parallel with the sec-
ond resistor.
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